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Abstract 
Dispersion of non-superconducting phase particles is commonly employed in melt textured REBa2Cu3O7-į (RE123; RE: rare earth 
element) bulk superconductors in order to improve the critical current density.  It has been clarified that the interfaces of RE2BaCuO5 
(RE211) and RE123 matrix contribute to the flux pinning, and therefore, the critical current density can be enhanced due to the refinement of 
RE211 particles.   In recent years additions of RE2Ba4CuMOy (M=Zr, Nb, Ta, Mo, U, Sn, and Re) particles have been investigated 
in an attempt to improve the pinning performance. While the common particle size is around 1-5ȝm for the RE211, the size of 
RE2Ba4CuMOy particles is much finer and typically 50~300nm, implying that the pinning may be improved with the dispersion of 
RE2Ba4CuMOy particles.  In this study, we have studied the effects of the BaSnO3 addition to Y2BaCuO5 (Y211) powders.  It was found that 
two different compounds of Y2Ba4CuSnOy and Y2BaCuO5 phase particles were co-produced by adding BaSnO3 to Y211.  These powders were 
added to the precursor and subjected to the melt-textured process to grow bulk Y-Ba-Cu-O superconductors of 20mm diameter with the 
top-seed melt growth process. The finished bulk samples were observed with optical microscopy and subjected to trapped field 
measurements with Hall sensors.  The trapped field measurements showed that BaSnO3 addition was effective in improving the 
field trapping ability. 
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1. Introduction 
   Bulk high temperature RE-Ba-Cu-O (RE: rare earth elements) superconductors are attractive for various 
engineering applications.  In particular, single-grain RE-Ba-Cu-O can trap very high magnetic fields much higher than 
those of Fe-Nd-B permanent magnets, and thus can function as an extremely high field magnet.  The present record 
value for the trapped field is 17T at 29K achieved in bulk Y-Ba-Cu-O of 2.5 cm diameter [1].    
   For engineering applications of bulk superconductor magnets, high field trapping capability at higher temperatures 
is desirable.  The field trapping ability is strongly dependent on the critical current density (Jc), and therefore the 
improvement in Jc is important.  It is commonly accepted that the Jc values or flux pinning performances can be 
enhanced by introducing artificial flux pinning centers into the superconductive matrix.  For RE-Ba-Cu-O high-
temperature superconductors, typical pinning centers have been non-superconducting RE2BaCuO5 (RE211) second 
phase particles.  For relatively large pinning centers like RE211 with diameters larger than the coherence length, the 
interface between REBa2Cu3O7-į (RE123) and RE211 contribute to the flux pinning enhancement.  This fact has been confirmed 
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by the previous study [2] in that refinement of RE211 particles and thus an increase in the effective RE123/RE211 interfacial area 
contributed to the enhancement of the Jc values.  Hence, the refinement of the normal conducting particles dispersed in the 
superconductive matrix has been studied with the aim of improving the field trapping ability of bulk RE-Ba-Cu-O superconductors. 
Recently, the complex perovskite like compounds with the chemical formula of RE2Ba4CuMOy (M = Zr, Nb, Ta, Mo, 
U, Sn, and Re) have been found to be effective in flux pinning and thus in improving the critical current density in bulk 
RE-Ba-Cu-O [3].  The average diameters of RE2Ba4CuMOy compounds lie in the range of 50 ~ 300nm and much finer than those of  
RE211 particles that have a typical size of around 1 ~ 5ȝm.   
In the present study, we have studied the effects of the BaSnO3 addition to Y2BaCuO5 (Y211) powders with the aim of 
refining the pinning centers.  It was found that two different compounds of Y2Ba4CuSnOy and Y2BaCuO5 phase particles were co-
produced by adding BaSnO3 to Y211.  These powders were added to bulk Y-Ba-Cu-O superconductors of 20mm diameter 
with the top-seed melt growth process.  The trapped field measurements showed that BaSnO3 addition was effective in 
improving the field trapping ability. 
2. Experimental 
   The Y123, Y211 and BaSnO3 powders were prepared from commercial Y2O3, BaO2, CuO and SnO2 powders that 
were well mixed and calcined in appropriate chemical ratios.  The powders of 30mol% BaSnO3 were mixed with the 
Y211 powders, and sintered at 1273 K.  Here we expect the reaction of Y211+3BaSnO3ψY2Ba4CuSnOy +2SnO2.   
The powder sizes were observed with a scanning electron microscope (SEM). 
   The sintered powders were mixed with Y123 powders in a molar theoretical ratio of Y123: Y211: Y2Ba4CuSnOy = 100: 
36: 4.  For comparison, we also prepared the sample in a molar ratio Y123: Y211= 100: 40.  We then fabricated the 
bulk Y-Ba-Cu-O superconductors 20 mm in diameter and 8 mm in thickness with top-seeded melt-textured growth 
(TSMG) process using NdBa2Cu3O7-į crystal as a seed, the details of which is described elsewhere [4]. The TSMG-
processed Y-Ba-Cu-O samples were annealed in flowing oxygen at 673K for 100h and subjected to optical 
microscopic observations. 
 For the characterization of the critical current performance, we measured field trapping capabilities for TSMG-
processed Y-Ba-Cu-O bulk superconductors, after confirming the samples are single-domain.  The trapped field 
measurements were conducted by magnetizing the samples using a 0.5 T Fe-Nd-B magnet. The samples were cooled 
to 77 K by liquid nitrogen in the presence of the magnetic field of the Fe-Nd-B magnet.  After reducing the magnetic 
field to zero by removing the magnet from the sample surface, the trapped fields were measured by scanning a Hall 
sensor two dimensionally above the sample surface at certain gap. 
 
3. Results and discussion 
Figure 1 shows the results of X-ray diffraction analyses for Y211 powders.  The lower graph shows the pattern for 
the Y211 with 30mol% BaSnO3 addition.  The upper graph shows the peaks all can be indexed to those of Y211, while 
the lower graph shows the peaks corresponding to those of Y2Ba4CuSnOy.  In addition, unknown peaks were not 
observed in these patterns.  We could not detect the peaks of SnO2 phase presumably due to its low content.  The 
results confirmed that an addition of BaSnO3 to Y211 produced Y2Ba4CuSnOy. 
 
Fig. 1.  X ray diffraction patterns for Y211powders with and without 30mol%BaSnO3 addition. 
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Figure 2 show scanning electron micrographs for Y211 sintered powders with and without BaSnO3 addition. It is 
clear that the average diameter of Y211 with BaSnO3 addition is much finer than that of Y211 with no-additives.  
Y211 powders with no addition exhibited rather blocky shape with smooth surface.  For Y211 with BaSnO3 addition, 
one can also notice that there are two kinds of powders: blocky particles and fine powders.  We believe that particles of 
around 1ȝm are Y211, while fine particles of around 50~300nm are Y2Ba4CuSnOy.  The presence of Y2411 was confirmed by 
chemical analyses.  The morphology of the powders implies that BaSnO3 and Y211 reacted when sintered, and thereby the size of 
Y211 was also reduced.   At least one can conclude that the addition of BaSnO3 was effective in reducing the size of second phase 
particles. 
 
 
 
Fig. 2.  Scanning electron micrographs for the powders: (a) Y211; and (b) Y211+30mol%BaSnO3. 
 
Figure 3 shows optical micrographs for TSMG-processed bulk Y-Ba-Cu-O grown with BaSnO3-added Y211 and normal Y211 
powders.   The sample surfaces were polished with abrasive papers and subjected to polarized optical microscopic measurements.  The 
particles with different contrast from the matrix are second phase particles.   It is definite that the average size of the second phase 
particles was refined in the sample added with BaSnO3-added Y211 compared to the sample with normal Y211.  These observations 
clearly demonstrate that an addition of BaSnO3 to Y211 resulted in a refinement of the second phase particles even after the melt 
growth process. 
 
 
 
 
 
 
 
 
 
 
Fig. 3.   Optical micrographs for the TSMG-processed bulk Y-Ba-Cu-O: (a) added with normal Y211 powder; and (b) added with 
Y211+30mol%BaSnO3 sintered powder. 
 
 
We then measured the trapped fields for TSMG-processed Y-Ba-Cu-O blocks.  For comparison, two samples with and without 
BaSnO3 addition were characterized.   These samples were cooled by liquid nitrogen (77 K) with the Fe-Nd-B magnet placed on top.  
After field-cooling, the magnet was removed from the sample surface, and the trapped field was measured by scanning a Hall sensor 
tow dimensional at the gap of 1mm.   
Figure 4 shows trapped field distributions for TSMG-processed bulk Y-Ba-Cu-O: (a) added with normal Y211 powder; and 
(b) added with Y211+30mol%BaSnO3 sintered powders.  At first, these two samples exhibited single-peak field distributions, showing 
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that these samples are single grain without any appreciable defects.  This fact is important for comparison of field trapping abilities and 
thus critical current characteristics for two different samples, since the presence of the defects will reduce the trapped field.    
 
 
Fig. 4.  Trapped magnetic field for the TSMG-processed bulk Y-Ba-Cu-O single-domain samples: (a) added with normal Y211 
powders; and (b) added with Y211+30mol%BaSnO3 sintered powders. 
 
As shown in Fig. 4, TSMG-processed single-domain Y-Ba-Cu-O bulk superconductor with Y211 sintered with BaSnO3 exhibited 
a trapped field of 2060 G at 77K, while the sample with normal Y211 exhibited only 1020 G.    One can estimate overall critical current 
density based on a simple Bean model[3] from trapped field values.  The sample with BaSnO3 exhibited a Jc value of 8000 A/cm2, 
while that of the sample without BaSnO3 was 3500 A/cm2, which is typical for the samples without Pt addition.  
In the previous studies [4,5], the critical current characteristics were monitored in small samples with magnetometer measurements, 
which only reflect the local characteristics.  In the present study, we could confirm that more macroscopic pinning 
performance, that is the field trapping ability, was surely improved with BaSnO3 addition to Y211. These results 
suggest that an addition of BaSnO3 to Y211 at the sintering step was effective in improving the critical current 
characteristics on a macroscopic scale, and thus useful for practical engineering applications. 
4. Summary 
In this study, instead of adding BaSnO3 directly to the precursor for melt-processed bulk Y-Ba-Cu-O, we added 
BaSnO3 to Y211, and sintered them.  The sintered powders were then added to the precursor.  X ray diffraction 
analyses and scanning electron microscopic observations confirmed that co-sintering of BaSnO3 and Y211 powders 
produced fine Y2Ba4CuSnOy accompanied by a reduction in the Y211 size.  Single-domain bulk Y-Ba-Cu-O samples 20 mm 
in diameter and 8 mm in thickness were produced with the top-seeded melt-growth process.  Trapped field 
measurements showed that the bulk Y-Ba-Cu-O sample made with BaSnO3-added Y211 exhibited higher trapped 
fields than that with normal Y211.   The present method will thus be useful for commercial production of bulk Y-Ba-
Cu-O superconductors. 
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